Brain-Computer Interface (BCI) is a relatively young re search field which has seen a growing interest with associ ated number of publications over the last two decades. In this study we present the first bibliometric analysis of the BCI literature (1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008) from the Thomson Reuters's Institute for Scientific Information (lSI) Web of Knowl edge. Thus, the main objectives of this bibliometric study are: 1) to explore the growth of BCI literature, 2) to as sess if it follows Lotka's law of scientific productivity, 3) to identify authors, groups and countries contributing the most to BCI, 4) to reveal the characteristic of citation for the BCI literature, and finally, 5) to determine the core journals that published substantial portions of the litera ture on BCI. Results indicate that BCI literature follows a power law growth, has an average author count of 3.9 and an average page count of 7.09. More than half (52.73%) of the BCI literature is never cited, and 14 papers have been cited more than 100 times. The 3 most productive authors are leading BCI research groups, in Austria, Germany and the USA.
INTRODUCTION
Brain-Computer Interface (BCI) is a relatively recent re search field which has witnessed a growing number of publications over the last two decades. Still to provide a clear view of the current state-of-the-art and who are the eminent authors in the field, there is yet no such sciento metric or bibliometric study.
In a nutshell, BCI, also named Brain-Machine Inter face (BMI) when using invasive EEG [5] , allows by means of Electroencephalogram (EEG) to communicate (for e.g. word spelling) and control external devices, for example a wheelchair. Recently it has found new applications in stroke rehabilitation, as new paradigm for assistive medi cal devices, helping to improve people's quality of life in their daily activities, and even gaming [18] .
After nearly two decades of research and development in BCI, a bibliometric analysis is timely to study the field. Thus, the main objectives of this bibliometric study are: 1) to explore the growth of BCI literature, 2) to assess if it follows Lotka's law of scientific productivity, 3) to iden tify authors, groups and countries contributing the most to BCI, 4) to reveal its citation characteristic, and finally, 5) to determine the core journals that published substantial portions of the literature on BCI.
The remainder of this paper is organized as follows. In Section 2, the bibliometric analysis methodology is pre sented. In Section 3, we present results based on a large BCI citation database from 1990 to 2008. Finally, in Sec tion 4, we conclude the paper.
METHODOLOGY
We created a database of the BCI literature using Thom son Reuters's Institute for Scientific Information (lSI) Web of Knowledge ! . The search, using the topic term 'Brain Computer Interface', was limited to the period from 1990 to 2008. Yearly record provides the publication title, au thors' names, journal details, page count, number of times the publication was cited, etc. In total, 1081 publications were retrieved for this bibliometric study.
RESULTS

Growth of BCI Literature
Figure I (a) shows the BCI publications count evolution on a yearly basis. Not shown in the lSI records, the earliest paper describing a BCI system was published in 1973 by J. J. Vidal [12] . Two decades later, pioneer BCI research by Of the 1081 publications, 586 were published in 178 journals and 495 were published in conference proceed ings. On average, 57 publications have been published each year by 230 authors. The average is 3.9 authors per paper, page count of 7.06, and papers are cited on aver age 38.43 times (per year). Clearly after 2001, publica tions counts has steadily increased every year. We plot the cumulative count of BCI literature in Figure I (b). The cumulative count follows a power law model, defined as:
... eel com elllioo ellsnt where C is the cumulative number of BCI publications and Y is the number of years since 1990. Using the curve fitting tool from MATLAB to estimate (3 and a, we ob tained (3 = 0.00005216 and a = 5.723, with a goodness of-fit R2 = 0.9991.
Authorship Pattern
From the 4355 authors who wrote the 1081 publications, 1808 are unique authors. About 1120 (25.71%) authors have only one publication and 293 (6.72%) authors have two publications. Lotka's law [6] , an inverse square law, was used to find authors productivity patterns. It typically states that for every 100 authors contributing to one arti cle, 25 will contribute 2, 11 will contribute 3, etc. (i.e. lIn2). According to Lotka's law of scientific productivity, only 6% of the authors in the field will produce more than 10 articles. The general form of Lotka's law is defined as:
where x is the number of contributing authors and y is the number of publications. The exponent n and constant C are estimated, respectively, by linear least square fitting and an approximation function [9] . We find n = 1.8552 and C = 0.5540. Figure 2 shows the Log-Log plot of the number of author and their corresponding number of pub lications. Using the Kolmogorov-Smirnov test (KS-test) of goodness-of-fit we find that the null hypothesis that the BCI literature conforms to Lokta law must be rejected at 0.01 level of significance.
Most Productive BCI Authors
The list of the 30 most productive BCI authors, with in '0' their number of publications referred in the lSI database, is as follows: Gert Pfurtscheller (95), Niels Birbaumer 
Citation pattern
The citation pattern distribution of the BCI literature is shown in Figure 3 . It shows that more than half (52.73%) of BCI publications is never cited, 12.77% cited between 3 and 10 times, 15.17% cited between 11 an 50 times, and that top BCI articles (1.3%) are cited more than 100 times. [ 16] , [ 1] , [ 11] .
BCI Core Journals
The Bradford's law was used to find the BCI core jour nals using the 586 articles published in 178 journals. The Bradford curve, as shown in Figure 4 , shows the journal rank (log scale) versus its number of publications, show ing that there are 10 core journals (as listed in Table 1 
CONCLUSION
In this paper we presented the first bibliometric study of the BCI literature. Using the lSI Web of Knowledge, we searched publication records from 1990 to 2008. The study revealed the following. A total of 1081 publications were retrieved with 495 published in conference proceedings and 586 published in 178 journals, with an average of 3. 9 authors per paper. The cumulative publication count follows a power law model, with significant growth since 2001. Surprisingly 52.73% of the BCI literature is never cited, 14 key articles have been cited more than 100 times. We find that the BCI literature does not follow Lotka's law (verified by KS-test) 
